Platelets contain high concentrations of protein kinase c which is activated by both Caz+ and 1,2-diacylglycerol (Takai et al., 1982) . This kinase has been implicated in the secretory response since the synthetic activators of this enzyme, e.g. OAG and TPA, also induce secretion from platelets (Kaibuchi et al., 1981 ; Rink et al., 1983) . Furthermore platelet agonists which induce secretion, e.g. thrombin and collagen, also induce phosphoinositide breakdown and lead to a transient increase in cellular 1,2-diacylglycerol (Rittenhouse-Simmons & Deykin, 1981 ; Kaibuchi et al., 1981; Nishizuka, 1983) . Thus it has been proposed that Ca2+ and 1 ,2-diacylglycerot act as co-ordinate second messengers in the platelet secretory response ( al., 1983) . The absence of a [Ca2+Ii transient is also observed when secretion is induced by exogenous addition of activators of protein kinase c. These latter findings could be explained either by a mechanism whereby the addition of 1,2-diacylglycerol (or TPA) increases the sensitivity of protein kinase c to Caz+ and as such activate the secretory process at basal Ca2+ concentrations, or alternatively by the existence of a secretory pathway in which Ca2+ has no role. 
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The recent report of apparent Ca2+-independent activation of protein kinase c by TPA (Niedel et al., 1983 ) lends credence to this latter suggestion.
Definitive studies of the effects of intracellular second messengers, and of relationships between their effects, are difficult to perform in intact cells as it is not possible to obtain controls over the chemical composition of the intracellular environment. Such control can, however, be achieved if the plasma membrane is selectively rendered permeable by exposing the cell to short pulses of intense electric fields (Baker & Knight, 1978; Knight & Scrutton, 1980; Knight, 1981) . When platelets are treated in this way they become permeable to CaEGTA (or CaBAPTA) buffers, nucleotides etc., but retain cytosolic proteins with molecular masses as low as 17 kDa (Knight et al., 1982 , 1982) . The pattern of secretory responses observed in intact platelets is not, however, fully mimicked by the permeabilized preparations challenged with Ca2+ alone since (i) identical EC,, values for Caz+ (2 p~) are observed for Ca'+-induced amine storage granule and lysosomal secretion and (ii) the maximal extent of lysosomal secretion is decreased 3-4-fold (Knight et al., 1982) . Properties of the secretory response closely resembling those of intact platelets can be obtained in the permeabilized preparation if the Ca2+ concentration is increased in the presence of thrombin (Knight & Scrutton, 1983 . Thus as shown in Figs. I(a) and l(b), the addition of thrombin enhances the sensitivity to Ca2+ of serotonin secretion, the EC,, for Ca2+ in the presence of thrombin being close to 0 . 5~~. Figs l(a) and l(b) also show that addition of thrombin causes no significant increase in serotonin secretion at low [Ca2+], e.g. 0.01 p~. No secretion is observed at 1 O p~ levels of Ca2+ in the presence or absence of this agonist if MgATPZ-is omitted. If a nonsaturating concentration of MgATP2-is used, the maximal extent of serotonin secretion is reduced in both the presence or absence of thrombin without any significant effects on the respective EC,, values for Ca2+ (Figs. la and lb). We have also shown that addition of thrombin to the permeabilized platelet preparation increases the maximal extent of lysosomal secretion to a level approximating that observed in intact platelets, but without altering the EC,, for Ca2+ . These effects of thrombin on permeabilized platelets appear to result from action of the agonist at its cell-surface receptor as is the case with intact platelets, since the stimulation of lysosomal secretion in both cases can be rapidly terminated by addition of hirudin , a small protein inhibitor having high affinity for thrombin. Furthermore the properties of release of intracellular markers as noted above suggests that thrombin (molecular mass 33 kDa) would be unable to enter the permeabilized cell.
Since thrombin increases the concentration of 1,2-diacylglycerol in both intact and permeabilized platelets (Rittenhouse-Simmons & Deykin, 1981 ; R. J. Haslam, personal communication), and is possibly a result of activation of phospholipase C, it was reasonable to consider that the effects of this agonist on Ca*+-induced secretion in and OmM-MgATP2-(+), and after lOmin challenged with 15mM-CaEGTA buffers either (a) alone, or (6) with 0.7 units of thrombin/ml, or (c) with 7.5pg of OAG/ml. The [ 14C]~er~tonin in the supernatant was determined 5 min later. Temperature 20°C.
permeabilized platelets could result from its effects on membrane phosphoinositide metabolism and hence activation of protein kinase c. This postulate is supported by the finding that addition of synthetic activators of protein kinase c, e.g. OAG (Fig. Ic) or TPA , mimic the effect of thrombin on Ca2+-induced serotonin secretion in permeabilized platelets. A similar mimicking by OAG or TPA of the effect of thrombin on lysosoma1 secretion is observed (Knight et al., 1984) . However, if high concentrations of OAG or TPA are used very significant secretion of serotonin is observed at low calculated ( 0 . 0 5~~) [Ca2+] (Figs. 2a and 26 ) in contrast to the situation observed on addition of thrombin (Fig. lb) . This seemingly 'Ca2+-independent' release of serotonin by OAG and TPA does not appear to result from non-specific membrane fusion since it shows a MgATP2-dependence similar to that which characterizes Caz+-induced serotonin secretion (Fig. 2a) . The extent of the response can also be markedly reduced if the Ca2+-buffering capacity of the system is enhanced by increasing the concentration of BAPTA (Fig. 2b) or EGTA. The apparent lack of dependence on Ca2+ of the response therefore may be explained in terms of inadequate control of Ca2+ concen- together with either 0.6 units of thrombin/ml (a), 1Opg of OAG/ml (+), or 5ng of TPA/ml (0). The [ 14C]serotonin in the supernatant was determined Smin later. The ordinate is expressed as the amount of 14C released as a result of raising Ca2+ to 0 . 6~~ and is normalized to the 14C released in the absence of added 3' : 5'-cyclic AMP. The absolute extents of release of 14C were 12% corresponding to approx. 1 m-Ca*+ and 44% at 0 . 6 p~-C a~+ for thrombin, 11% and 66% for OAG, and 12% and 46% for TPA respectively. Data points refer to means and S.E.M.S of four determinations. , 1984) . Although 1,2diacylglycerol and thrombin increase the Ca*+ sensitivity of the secretory process, the shifts in the Ca*+ dose-response curves are not far enough to the left to explain the observation that in intact platelets, secretion can be induced by exogenous 1,2diacylglycerol at the resting levels of [Ca2+Ii of about 0.1 p~ or less (Rink et al., 1983) . Addition of thrombin or OAG alone to permeabilized platelets has little effect on the extent of serotonin secretion if [Ca*+] is buffered to a concentration approximating to these reported (Rink et al., 1982 (Rink et al., , 1983 resting [Ca2+Il levels (Figs. la and Ib; Fig. 3a) . Such a discrepancy can however be explained in part by the finding that cyclic nucleotides modulate the effect of thrombin on the Ca2+ -sensitive secretory process. Studies using the permeabilized preparation have shown that addition of micromolar levels of 3' : 5'-cyclic GMP enhance the Caz+ sensitivity of serotonin secretion in the presence of thrombin by shifting the Ca2+ dose-response curve still further to the left . Such an effect could resolve the dilemma indicated above since at a fixed Ca2+ concentration (0.17p~), which is close to [Ca2+Ii in resting platelets, addition of 3' : S'-cyclic GMP induces marked serotonin secretion in the presence of thrombin (Fig. 3a) . The secretory process is still Caz+-dependent, as at lower [Caz+l, e.g. 0.01 p~, insignificant serotonin release occurs when cells are challenged with 3' : 5'-cyclic GMP and thrombin. The effect of 3' : 5'-cyclic GMP is selective to the thrombininduced response since addition of this cyclic nucleotide causes no change in the Ca2+ sensitivity of secretion observed when cells are challenged with Ca2+ alone, or in the presence of TPA or OAG. It is therefore likely to result from an action at the level of phospholipase C.
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In contrast, addition of micromolar levels of 3' : 5'-cyclic AMP to the permeabilized preparation decreases the sensitivity of secretion to Caz+ in the presence of thrombin by shifting the dose-response curve to the right . Inhibition by 3' : 5'-cyclic AMP is primarily exerted on the thrombin-induced response since addition of this nucleotide causes no change in the secretory response to CaZ+ alone , and only inhibits the Caz+-dependent effects of OAG and TPA at much higher 3' : S-cyclic AMP concentrations (Fig. 36) . Such an effect of 3' : 5'-cyclic AMP is direct evidence in support of the wellestablished postulate that this cyclic nucleotide acts as an inhibitory intracellular second messenger in the platelet (Mills & Smith, 1971 ; Steer & Salzman, 1980) , and suggests that the effect primarily results from an action at the level of phospholipase C in accord with some earlier studies on intact platelets (Rittenhouse-Simmons, 1979 ; Billah et al., 1979) . The data here suggest though that a second site for the action of 3' : 5'-cyclic AMP exists at, or beyond, the level of protein kinase c in the stimulus-secretion coupling but that the affinity for this site is relatively low.
Our present understanding of the intracellular mechanisms responsible for control of platelet secretion therefore suggest that a complex network of factors may be responsible for regulating the sensitivity of the secretory process to Ca2+ but provide no evidence to suggest that such factors operate in a strictly Caz+ -independent manner. Ca2+ is a universal and possibly the most important second messenger in eukaryotic cells, regulating such diverse processes as muscle contraction, secretion, proteolysis and mitogenesis. While some of its actions are understood at the molecular level (e.g. excitation<ontraction coupling by Ca2+-binding to troponin C), many regulatory effects of Ca2+ have escaped clarification up to now, the most notable of which might be Ca2+-triggered exocytosis in neurons and other secretory cells. This is an especially challenging biological problem because virtually all cells have constitutive pathways for the exo-and endo-cytosis of macromolecules which operate independently of stimulation. Cells capable of Caz+ -triggered exocytosis must therefore have two independent pathways, suggesting that a cell is not only capable of sorting proteins and membranes, but also of classifying membrane fusion and budding events into regulated and non-regulated processes (Moore et al., 1983). Although membrane fusion is a ubiquitous and constant process in cells, it has been extremely hard to reconstitute either Ca2+ -regulated or non-regulated fusion events in oitro. As a consequence of this difficulty the mechanism of membrane fusion remains unknown. In view of the triviality of membrane fusion in cells therefore the problem of Ca2+-triggered exocytosis could be equally well stated as:
(1) what inhibits membrane fusion in the absence of Ca2+ ?, or (2) which Ca2+ dependent component enhances membrane fusion? Secretory vesicles are specialized organelles with structural features important for exocytosis. Chromaffin granules for example, the best studied of these, are slightly hyperosmolar and contain high concentrations of core molecules bound in an osmotically inactive form (Siidhof, 1982 (Siidhof, , 1983 . These findings are relevant in view of the fact that an osmotic gradient has been shown to facilitate fusion (Cohen et al., 1980) . Nevertheless, isolated chromaffin granules have not been shown to undergo fusion reactions in the presence of Ca2+ under physiological conditions (Morris  et al., 1982, 1983 ). This finding suggests that Ca'+-triggered exocytosis is not a property of the secretory vesicles per se, and that it may require the participation of other proteins such as cytosolic Ca2+-binding proteins. Certain require-* Present address : Department of Molecular Genetics, University of Texas Health Sciences Center at Dallas, TX 75235, U S A . ments can be postulated for these: they should interact with membranes in a Ca2+-dependent manner, they should be evolutionarily conserved in view of the universality of secretion, and they should be distributed in a tissue-or cellspecific manner. Since none of the Ca2+-binding proteins ' described in the literature seemed to meet these requirements we searched for new ones which did. As will be described below, in the course of our work we purified a new family of Ca2+-binding proteins which agree with these postulates although we have not yet demonstrated a direct role of these proteins in exocytosis.
In 1982, J. H. Walker purified a protein from the electric organ of Torpedo marmorata, a protein which binds to membranes in a Ca2+-dependent manner (Walker, 1982 We then tried to purify the mammalian calelectrins and found that they could be isolated like calmodulin by Caz+-dependent hydrophobic affinity chromatography, followed by conventional column chromatography. The three mammalian calelectrins are very similar proteins. They have almost identical PI values (between 5.6 and 5.9) and amino acid compositions, and in Caz+-free solutions occur as globular monomers. The calelectrins are Caz+-binding proteins in solution and they also bind to membranes in a Caz+-dependent fashion with half-maximal binding at 5 pM-Ca2+. They cause membrane aggregation at higher CaZ+ concentrations. All three calelectrins are present in native tissue as judged by immunoblots of total extracts. They are abundant tissue proteins. Several milligrammes of protein can be isolated from 1008 of tissue. However, there are also distinctive differences between the low and high molecular mass
